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PLANT AGE/SIZE DISTRIBUTIONS IN BLACK SAGIEBRUSII
(ARTEMISIA NOVA): EFFECTS ON COMMUNITY STRUCTURIE,

James A Young' and Debra E. I’n]mqnistI

Agstract—The demography of black sagebrush CArtemisia nora Nelson ) was investiguted in the Buckskin NMonntains
of western Nevada to detenmnine putterns of stand renewal in sagehrush communities carrently free frons wildfives. Biomass
sumpling was conducted to develop growth clusses that reflected apparentage of the shrubs. The de usity of black sagebrusly
plants was twice that of basin hig s uu brush ¢\ tridentata ssp. tridentata Natto) in adjacent connnumities on contrasting
soils 2.2 versus L1 plants per m7). Black sagebrush ucenmulated only 75% as mneh woody hiomass as hig sagebrush
Regression cquations were de \(‘lnpn'(] and tested for predicting total \\()o(l\ biomass, cirrent annual growth CAG L and
Jeaf weight of black sagehrush plants. Apparent age classes were develope «d both for the Dlack sagebrush plants and the
sub-canopy mounds on which they grew. Discriminant anadvsis was nsed to test this classification svstem, Plant suceession.
apparenthy controlled by nitrate content of the surfuce soil, appeared to climinate the snece sl establishment of black
sagebrush seedlings on the mounds. After the shrubs die. the mounds eve ntoally deflate. \We propose that mounds reform

around shrub seedlings: but becinse seedling establishment is so rare in these commnmities, this could not be verified.

Key words: biomass. shrb succession, desert soil formation. soil nitrate. black sagebrsh. Artemisia nova.

Black sagebrush (Arteinisia nova Nelson) is
one of the dwarf sagebrush species which col-
lectively constitute about half the sagebrush
vegetation in Nevada (Beetle 1960). Black sage-
brush plavs a dominant role in annber of 1)L1nt
communities in the Great Basin (Zamora and
Tueller 1973). Rarely does black sagebrush
share dominance with another species of Arte-
In the section Tridentate of the genus
Artemisia, black sagebmsh is perhaps the spe-
cies most adapted to arid environments. Black
sagebrush is cl(m IV associated with shadscale
L. \h‘zph X conferti olia (Torr. & Frem.) Wats.]
dominated landscapes (Blaisdell and Holmgren
1954). The browse of black sagebrush is highly
preferred by domestic sheep  (Ovis aries),
pronghom (Antilocarpa americana), and Sage
Grouse (Centrocereuns u/'op/msi(ums). IFrom the
1590s until the late 19505, black sagebrsh plant
comnnmities in the Carson Desert of Nevada
were avital part of winter range for the domestic
range sheep industry. Years ol s s s
mvl)\ shee pachml]\ shaped the outline of black
,agobm.sll shrub canopies: Zamora and Tueller
(1973) l'el)m‘te(l th(*)‘ had di[Ticn]t}' in finding
relic communities in high range condition.

Vegetation of the Buckskin Mountains of

misia.

'tspa Agricultural Rescarch Service, 920 Valley Road. Reno, Nevada S9512

west central Nevada is characterized by black
sagebrusl/desert needlegrass (Stipa speciosa
Trin. & Rupr.) plant commumitics. The Buck-

skin Mountains are located 100 ki southeast of
Reno, Nevada, in the rain shadow ol both the
Sierra Nevada and Pinennt Mountains. Thisis a
portion of the Carson Desert in which Billings
(1945) suggested that Atriplex-dominated salt
desert shrub vegetation ocenrred because of
utm()spll('ric dronght rather than oconrrence ol
soluble salts in the soil. 1 we compare the black
sagebrush commniities of the Buckskin Moun-
tains with those deseribed in the regional study
conducted by Zamora and Tueller (19731, we
find that the highest-clevation. north-facing
slope communities of the Buckskin Monntains
correspond to the most arid communities pre-
vioush described. From this we assume the
black sagebrush conmmitics in this stidy rep-
resent an arid extension of this type.

Only recently have occasional wildfires of
any extent occurred in black sagebrush commm-
nities in western Nevada, The fires that have
occurred have been associated with the recent
spread of the alien annual cheatgrass (Bromns
tectornm 1. into these arid  environments
Young and Tipton 19901, Apparently for mnch
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of the twentieth centirv these commumities

have not been subjeet to wildfires becanse of

luck of herbaceous vegetation to carry the tive.
Because of the lack of trees to produce live scars,
it is difficult to determine whether these sites
were suh](*ct to pml()( ic lmmm«r under pnstmc
conditions. This is in sharp ¢ ontrast to basin big
sagehrish commumities where periodic cata-
strophic stand renewal by burning from wild-
fires has been common. The lack of c: iastrophic
stand renewal in black sagebrush communities
should be reflected in the age/size class strue-
ture of the communities.

Our purpese was to determine the age/size
distribution of black sagebrush plants to deter-
mine comnmnit}' stricture.

MATERIALS AND METHODS

Studies were conducted from 1954 throngh
19SS in the Buckskin Mountains located about
100 km southeast of Reno, Nevada. The geo-
logic features of this mountain range have been
deseribed in detail by Hudson and Oriel (1979).
Vegetation and soils of the range have been
mapped and related to the geologic map of the
arca (Lugaski and Young 198S). The plant com-
mumities used in this study were located on the
Guild Mine member of the Mickey Pass tulf.
This geologic unit consists of crystal-rich, mod-
erate 1\ to 1)«)()rl\ welded ash flow tnff (Proffett
and Proffett 1976). It has been proposed that
the soils (a) developed in place, (h) developed
from subaerially deposited material fromy long-
distance transportation, or (¢) developed from a
combination of residnal and subaerially depos-
ited material  (unpublished research, ARS-
USDA). The bulk (»f the protile is an argillic

Lorizon, about 30 em thick, which consists of

50% or more clay-textured material. It is pro-
pose  that this (Ll\ horizonis a relic of a soil that
developedon the site and whose original snrface
. The
in‘lpm'(;m( point is that the clav horizon, which
is intermittently exposed on the soil snrface.
developed mnder ditferent environmental con-
ditions {rom the current surface horizon, The
current surface soil consists of a relativels
recently deposited layer, apparenthy from sub-
aerial de pmmnn that is largely conlined to
mini-mounds beneath the ¢ canopics of the black
sagebrush plants. The soil is classified as a fine,
il‘i(li('. montmorillonitic, T pic Paleargid.
Spatial strocture of the black sagebrush com-
nnmities was deterimed by sampling five stands

horizon has heen removed by erosion.
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located along the western flank of the Buckskin
Mountains. The five stands, located on the same
onteropping of Mickey Pass tnff, were separated
by small canyons where the wester Iy tilted ash
flows were Droken by fanlting. All sites were
west facing and located in a band along the
mountainside at 1720=1750-m elevation.

A starting point was located on aerial photo-
«rmphs in cach stand, and 10 plots, each 10 0m’
in area. were located randomly along line tran-
sects parallel to the slope. A total «)f 50 plots
were established (5 stands x 10 plots per stand).
In cach plot the following were determined: (a)
shrub density by species, (b) crown cover of
shrubs (ocnlar <>tnnate) (¢) shrub height, (d)
area of mound and interspaces, and (e) herba-
ceons cover (ocular estimate). Mound cover
refers to the slightlv raised areas beneath shrub
canopies where subaerially deposited soil and
saltation (lep()sits accunmilate.

At each plot location the herbaceous vegeta-
tion frequencywas sampled with 100 step points
arranged in 4 lines of 25 points each following
the procedures of Evans and Love (1957). le
herbaceous vegetation was resampled anmnally.

Using the swue starting point, but by placing
the transects up and down the slope, 25 blaek
sagebrush mounds were located in cach stand.
The shrubs rooted on cach momnd were mea-
sured for (a) height, (h) maximun and wini-
minm crown diameter, (¢) stem number (as black
sagebrush ages the cambinm splits, forming
multiple-stemmed plants). and () stem diame-
ter at the soil surface (diameter of the gronp of
split stems). The aerial portion of the plant was
subdivided by clipping into the following cate-
gories: (a) coarse stes, 2.5 cm or ldl("(‘l in
diameter: (b) fine stems, 0.25to 2.4 ¢ in dmm-
eter; (¢) current annual growth; and (d) leaves.
The material was dried at SO degrees C for 24
honrs and weighed.

After the aerial portion of the shrub was
removed, the litter heneath the canopy was col-
lected and sereened throngh a 2-nun sereen.
The material too coarse to pass through the
screen was saved, dried, and weighed. The max-
imunm and minimum: diameters ot the mound
were measured, and the height of the mound
was determined by digging to the clay horizon.
The number of pmcnmdl arasses rooted on the
mounndwas comnted by species, and the cover of
cheatgrass was estimated ocularly per mound.

A series of age/size elasses was established
for the black sagebrush plants sampled. These
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TasLe 1 Mean plus standard error (SE) for shrub density 1)4 rm’, p( reent projected canopy cover. frequency
10), and constancy among stands (N -

ploﬂ within stands (N =

Species l)vn§it}‘ S
tin
Artemisia nova 22 0.40
Chrysothamnus viscidiflorus 0.7 0.10
E'J’il'l’(lll nevadensis 0.3 0.08
Tetradymia glabrata 0.2 0.04
Eriogoman microthecum 0.1 0.04
Eriogonum umbellatum 0.2 0.00

“Indicates less than 1% average cover

classes were based on the size, growth form.
percentage dead canopy, and apparent age of
the plants. The classes were (a) seedling, (b)
voung plant. (¢) mature plant. (d) patriarch. (¢)
senescent, and () dead.

Soil samples from the sarface 5 cm were
taken (a) next to the shrub stem, (b) at the
canopy edge. and (¢) 10 em bevond the edge of
the shrub canopy. These samples were dried.
screened, and shipped to a commercial labora-
tory for nitrate nitrogen analysis.

A two-way analysis of variance and post hoe
Duncan’s Multiple Range test were performed
to analyze differences i soil nitrate concentra-
tion between sagebrush age/size classes and
sample location. A series ()fS((’p\\'iS(‘ regressions
was performed. utilizing the general linear
model, wherein a subset of variables was chosen
that would best predict plant weight, annnal
arowth of plant (\wl(fht) and leaf weight of
black sat’cl)lush Separate step-up regressions
were per lorm( d forplant and mound character-
istics (Neter and Wasserman 1974). The inde-
pendent  variables  that significant
contributors to predicting age/size classes for
these two groups were chosen as discriminant
variables to be nsed in two separate discriminant
analyses. The age/size classes of the sagebrush
p]unts were used as the grouping structure in
the discriminant analvsis. The plant character-
istic variables selected as significant contribu-
tors to classification into age/size classes were
(a) weight of coarse stems, (b) munber of stems,
(e) plant height. and (d) plant diameter. The
mound characteristics (ranked in order of
nportance) used were (a) litter cover, (b) litter
weight, (¢) soil nitrate concentration, and (d)
cheatgrass cover on the mound.

were
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RESULTS AND DISCUSSION

Commnnity Competition

The plant communities of the Buckskin
Mountains dominated by black sagebrsh are
low in diversity (Table 1). Green rabbithrush
[Chrysothamnus viscidiflorus (Hook.) Nutt.]
ocenrs in patches in the community. Nevada
ephedra (Ephedra nevadensis Wats.) is rather
evenh distributed through the black sagebrmsh
comunities, hut at a low de nsity. Littleleaf
horsebrush (Tetradymia glabrata Gray) is a rel-
ative I\ mho(luont (()mponent of the communi-
tics. The two species of  Eviogonmn are
semiwoody species that also ocenrred i the
most arid black sagebrush conmmities that
Zamora and Toeller (1973) reported.

Squirreltail (Elypinus hystrix: Seribn.) and
cheatgrass are the most frequent herbaceous
species (Table 2). The relative frequency of the
two species reverses {rom vear to vear depend-
ing on available moisture lor pl wt growth,
C ll(‘d((’ulsx is abindant onlv in vears \\1lh ade-
(111‘1&* moisture (lulln(f the \pnn(r The de nslt\
()fsqlm reltail pl.mts remains relatively const: nt.
In dnyv vears, s(lum(lhul is \ll[lhl“\ the only
herbaceous species in these comnnmities.

Biomass

Along the western margin of the Buckskin
NMountains, black and basin bie sagebrush com-
munities oceur side l)_\‘ side on sllurp])' contrast-
ing soils. The basin big sagehmsh communities
have been burmed in wildfires, based on historic
records and fire scar analysis (Young et al. 1959).
Our analysis of black sagebrush comnnmities is
€880 ntm]l\ based on alm\ caround woody niate-
rial acenmulation of the (l(mmmnt shrub. We
had previonsly conducteda studv of the biomass
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Tasik 20 Mean pins standard error (SE) ! or frequeney of herbaceous species for an average of four years” sumpling
A erage pre cipite tion 175 mm). for a (ln spnmf (19589, no \1)1 il prec 1plhm(m ), and a vear \\1th above-av erage moisture

available for plant growth (1956, 225 mm precipitation). Based on 5000 s sumple points per vear.

Frequency

Average Dry (1959) Wet (1956)
Fourvears Sk Spring SE Spring Sk
GROWTH FRONI SPECIES =memmeeee N4
PERENNINL GRASS
Elynus lystrix 39 11 70 6.9 6 0.5
Stipa speciosa b) 0.3 b 0.7 - .
Stipa thurberiana = - = = = =
Poa sccunda 1 0.5 = -
Oryzopsis lopnenoides - - 1 0.2 -
ANANL AT GRASS
Bromns tectorum i 6.6 14 2.5 76 3.8
PERFANIAL FORYB
Castillcja cliromosa 1 0.2 1 0.2
Sphacraleca parvifolia - - 2 0.3
Phlox hoodii = = 3 0.3 = —
ANNUALFORB
Ervodinm cientarinn 5) 0.S - 2 05
Descurainia pinnata - - - - 5 0.7
Sisymbrinne altissinaim 5 0.9 = 10 0.5

indicates Tess than 190 average cover

of basin big sagehrash adjacent to the westem
edge of the Buckskin Momntains (\(mmr et al.
1989). This allowed comparison of the pmduc—
tion of biomass ol basin and black sagebrush
fronn the same area. The basin big sagebrush
comnnmity had a sandy lowm sarface soil and a
greatersoil depth (Haplargids derived from meta-
voleanie Big sagebrush ages were
clumped at 5560, 4045, and 10-15 vears old.
The general aspect of the two communities
is stnl\nml\ differentowith the maximuom height
of the |)L1(|\ sugehrush being 60 ¢ and th.lt of
the hig sage Dbrush over 1. In contrast to the
central woody stems of the big sagebrush plants,
black s: nrelmls]l plants appear nlllltl stemmed.
Despite T d it e 11 height. the two com-

SONTCeS ).

munitics have similar hiomass because of the
higher density of plants in the black sagebrush
commuunity, There is more coarse and fine
woody matevial i the basin big sagebrush com-
mimity (Table 3)

If we assnme both popnlations are the same
age (assmnption is necessary hecanse actial age
of black s sagehrmsh plants conld not be esti-
mated), the rate ()f woody biomass accimla-
tion wus 13.2 o/in/ /Nvear and 6:4.3 o/m” Near for
black and basin big sagebmsh. respec tive . The

wide difference between the two communities
is apparently due to the higher woody biomass
ol more matire basin big s(ufel)mxh plants

Woody biomass ()fl)ldcl\ sagebrush was hest
predic ted by the equation:

Y =987+ 121 * X1+ 1.12° X2 + 0.55 ° X3
where Y = total woody biomass (grams). X1

fine stems, N2 = root
= .96 for this determination. Yearly

coarse stems, and X3 =
5

crown. R~
growth inerement was predicted by the equation:

Y =1696 +0.26 °* X1 + 0.16 * X2 -
0.73°X3-0.14° X4
where Y = cirent growth, X1 = fine stems, N2
= coarse stems, X3 = plant height. and N4 = root
2 — o . . . .
cronwn. R~ = .57 lor this determination, despite
the inclusion of a tourth variable. Our third
c(lnution predicted leal weight:
=2353+0.29 * X1 -093*
02° \‘)—() 35 * X4

X2 +

where Y = ]cuf\\'eigl)t, X1 = coarse stems, X2 =
height of plant. X3 = [ine stems, and Nt = plant
density. These four variables in the equation
acconnted for 64% of the variability in the data.
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Fig. 1. Plot of black sagebrush group membership based on plant characteristic discriminant cquations where - = vonung

@ = mature, A = patriarch, ® = senescent, and O = dead.

Age/Size Classes

The selected variables for hoth plant and
monud characteristics were important contrib-
ntors in (listingnishing hetween age/size classes
and were good indicators of gronp composition
(Fig. 1). Very few misclassifications ocenrred ])}'
use of the resulting diseriminant lanetions,

The bolk of the Black sagebmsh stands was
composed of mature plants 20-60 cm tall with
canopies 20-30 ¢ in diameter (Table 4. This
is a wide range in height and canopy size, but
the inature age/size class was distingnished from
young p]dnts l)\ the presceuce of up to 10% dead
l]ldtelldl in the canopy and the beginning of the
separation of the stem into individual mml)mm
bundles. The patriarch class was distingnished
from the matnre class by an increase - dead

material in the canopy (to 30% ) and complete
separation of the stems. The separated stems
formed U-shaped utes with the open end of
the U toward the formier center of the stem. It
was not possible to establish the naximum age
of the class because the center of the stennwas
wissing. The individual section had at least 40
arowth rinas.

Senescent plants formed the nest. appar-
enthy older, age/size class. In this class at least
50% of the canopy was dead. Older black sage-
brush plants do not get taller. probably becanse
they have no central stem to support t]n'<<1|1()[)\
The diamcter ol the crowns does inerease.
There is a marked inerease in woody hiomass
between the patriarch and senescent classes.

Seedlings and vonng plants constitnted onh
6% ol the hlack sagehmsh popnlations (Table 4
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9 o ) TR .
Fapir 30 Mean density stems/m™) plus standard error (SE) and oven-dny biomass (g/m™) of Artemisia nova and A.
triclentata x||])x1\ tricdentata. Data for A tridentata subsp. tridentata from a previons stnd\ Young et al. 1989).

R
Biomass per m”

Species Density Coarsc Fine CAG Leaves Total
m- SE a  SE g SE ¢ SE g SE g SE
A\rteinisia nova 2.2 0.4 750 HO 520 60) 150 45 130 40 1550 240
Artemisia tridentata
su[)S]\. tridentata 1.1 0.3 S50 100 970 110 170 40 130 50 2120 420

Taiir b Artemisia nota crown and biomass characteristies for individual age/size classes. Demographic breakdown of
black sagebrush commmmities by growth clusses. Classes are related to age for vounger plants. but once stems separate, ages
are not based on annual rings.

Crown characteristics Biomass characteristics

Dead Coarse  Fine

\ge size {leicht  Diameter Density branchlets  stems  stems  CAG - Leave  Stem Percentage  Age
class teny) (em) (%) (%) (g) (2) (g) (@ number of stand  vears)
Seedling 5 5 30 0 0 15 5 10 1 >1 2.5
Young plant 10-20 5-10 50 0 28 64 30 10 1 5 5-30
Mature 20-6() 10-50) S0 10 140 120 SO 60 Multiple 60 30-50
Patriarch 20-60 20-S0 60 30 560 420 140 100 .\lllltipl(‘ 17 40+
Senescent 20-60 20100 30 60 90 640 60 30 Multiple 12 4
Dead 20-60 20-100 0 100 910 320 0 0 Multiple 5 2

with seedlings being veny rare. The separation
between seedling an(] voung plants was based
on the ocenrrence of coarse, \\()()(l\ biomass in
the latter class. Yonng plants had entive stems
with no evidence of division of the caunbium.

Monnd Types

Each black sagebrush age/size class had a
corresponding tvpe of sub- canopy mound. The
only seedling fonnd in the entire stndy was
located inun 111t(>|s1)(1((>])( tween momnds, Obvi-
(ms]\ one seedling is not a valid s‘unpl(* but the
Jack of see dlings is dUltl(dI [actorin the dynam-
ics of the communities studied. The first detect-
able inonnd ocenrred imder voung plants. Onlv
5 10% of the sub-canopy Lll(“lllll(]( -1 black sage-
brush pkaits in the voing pli it age/size LL[\S
was covered with litter ( .d)lv 5) ]lu litter was
compuosed of r;lqmvnts(){})lucksng()])mshlm\'vs.

I the mature plant age/size class the cover
ol litter and the weight of litter inereased (Table
5. The monnds were casily distingnished by
both height and sirlace soil color ‘m(l texture.
The surtace of the monnds appeared darker in
color, and the reddish tinge to the clay surfice
soils of the interspace was not appare nt. I the

the dark
Monnds
appear to reach tlwn maxinnnu height with this
growth stage of black sagebrush. Mounds of
mature plants had perennial grasses associated

siurface of the mound was disturbed,
color was replaced by a gravish shade.

with the sub-canopy arca. The most frequent
1)(‘l'cnnial gTass Wis squirro]tai].

Litter accumulations increased with  the
patriarch age/size class, but height of the monnd
did not increase. Apparently, trapping of sub-
aerial deposition material and saltation particles
must be related to growth stage of black sage-
brush plants in terms of crown architecture.
Subacrially deposited particles are obviously
very unstable and subject to redeposition if thu\
fall'in the largelv bave interspace winong shrub
mounds ( \()nn(f ‘and Exvans 19S6). 1 l]tt(‘] acen-
mulation increases on patriarch mounds. why
do they not trap these secondary evosion prod-
nets and the monnd ]\'('ep growing in lwig]lt?
(Tzlnop_\' stracture (-h;mgvs with the putn’urcll
age/size class, with increasing bare stems and
spreading, but not taller. plants. ttwould appear
that acrial dvnamices of the crown of black sage-
brush p].mts influence mound height.

With the senescent age/size lebb, adivergence
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TaBLe 5. Mound characteristics in relation to age/size ¢l

change with age/size classes of shrubs.
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wsses o Artemisia nova. Hlustrates that mound characteristics

\luun(l Litter

Black sagebrush Diameter Perennial - Cheaterass
arowth classes Height Max  Min Cover Depth Weight @rass densin cover Nnber

cm) cm) o em! el cil ¥ per mound % S;unplvs
Seedling 0 0 0 0 0 0 0 0 !
Young plant 2-5 60 30 5-10 0.5 10 0 2 6
Mature 3-15 S0 40 10-60 1-1.5 150 2.0 15 6
Patriarch 10-15 100 60 S0 2-3 690 25 12 21
Senescent 1015 100 60 SO 2-3 720 28] 60 5
Dead 10-15 100 60 SO 970 6.1 3 6

TABLE 6. Mean nitrate level (mg/kg) of soil at the sten. ¢

dlu)[)\ @ (lm and outside the CANOPY of black sage ‘brush l)l.m[\

in relation to matinity clisses, Bll(]\\l\lll Mountains, Nevada”

antimll'

Agessize class Stern Canopy Ontside Agesize

(ppm1) ppm) (ppm! class mean'
Young plant 17h +3hi 4.1 hi ttd
NMature 6.6¢ 5.5¢ 40] 34¢
Patriarch 10.5d 12.0b S.0¢ 10.2a
Senescent 13.2a 11.3¢ 700 105 a
Dead SHdc¢ T.0f 71T 75h

Mean location” S.7a Sob 6.0 ¢

‘Means followed by the same letter are not signiticantly difterent at the 01 leve

!
Means of locution followed by the same letter are not significanthy dhiferent at

Lof probabihty as determmmed by Duncan’s Multiple Range test

the 01 level of probalabity as determined by Dancans \ln[*] lee Range test

‘Neans of age/size classes followed by the same letter are not sigmficantly different at the 01 level of probabiity s determined by Duncan’s Multy »]( Rar

in herbaceous species composition on - the
mounds occurs  (Table 3). Some momnds
become densely covered with cheatgrass as
black sagebrush plunts become senescent and
others support colonies of squirreltail.

After the Dlack sagebrush plants die. litter
weight continues to increase and litter changes
in appearance. Litter under dead plantsis com-
posed of stringy bark fragments. and individunal
black sagebrush leaves camot be distingnished
in the litter.

Soil Nitrate Levels

Surface soil nitrate levels were  higher
beneath shrub canopies than in the interspace
(Table 6). Levels were highest next to shrib
stems. Nitrate levels heneath the Canopy rose as
age/size classes of black sagebrush indicated
older plants and mounds. This is in itsel an
indication that age/size classes actnally do
reflect increasing age. The development of ver-
tical and horizontal patterns in soil nitrogen.
attributed to the localization of litter fall

beneath the canopies of desert shrbs. has been
documented by the research of N E. West and
co-workers (Charley and West 1977, West and
Skujins 1977, West 19791, Nitrate levels of sur-
face soils dropped significantly (P < .01) once
the black sagebrush pl(mts dicd. Nitrate levels
in surface soils at the edge of shrb monnds
increased with apparent increasing age of black
sagebrish plants and mounds. These aveas cor-
re x‘l)()n(l to the micro- i()p()('(l’lphi(‘ situation
deseribed as coppice benches by Eckert et al.

(1989 for shmb mounds in big sagebrush com-
munities. _r\ppzn('nt]'\ the increase in soil nitrate
results from leaching from the mounds. Once
black sagebrish plants are dead and grasses
dominate the mound., soil nitrate levels deerease.

Mounds and Black Sagebrush
Community Structure

We did not find arass-dominated monnds or
arass-dominated monnds with black sagebrush
seedlings. We did note the remains of mounds
that appeared to be eroding away. Apparently.
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momnds are dynamically formed and eroded in
relation to the establishment and eventual death
of black sagebrnsh plants. The failure to find

urass- “dominated mounds may be a function of

ll(ll)]\l)l'\ by domestic livestock [sheep, feral
horses (Equaes caballus), and black-tailed jack-
rabbits (Lepus califoruicns)]. Grass-dominated
monnds nias il to persist since grasses cannot
maintain monnds becanse ol leal fall and canopy
structure differences comparediwith black sage-
brush plants. The only patchy vege tation

cencomntered in the communities was aroups of

rabbitbrosh  plants. Perhaps  rabbitbrush
increases after relativel short-lived squirreltail
plants die or are reduced by grazing. Iy an
adjacent big sugebrush (nmmumf\ we pre-
vionsly determined three (l)lb()(](‘ of see dling
establishment at 12, 42, and 57 vears before
19S5 (Young et al. 1959). Plant ages were clus-
tered lnoun(l these apparent establishiment
dates.
desirable climate for w(*(l]mrf establishment or
asingle season when cst.lb]lshmcnt ocenrred:
they may also represent variability in growth
ring deposition or recognition. The classes we
constrncted in this study are mnch too broad to
pinpoint this type of episodic stand establish-
ment for black sagebrush. Perhaps black sage-
brush commmmities not renewed catastrophically
by wildfires onlv require stand renewal at such
low Jevels (3% of the stand. standing dead
plants) that our one seedling swmpled is suffi-
cient for conmmnity regeneration.
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